Convective variability at submonthly timescales (7-20 days) over the Tibetan Plateau and the associated large-scale atmospheric circulation and convection were examined over regions affected by the Asian Monsoon. The mature phase of the Asian summer monsoon (July-August) was analyzed for those years (1986, 93, 98) in which convective variability on timescales of 14 days was notable over the Tibetan Plateau.
Introduction
Intraseasonal oscillations (ISOs) of convective activity and the associated atmospheric circulations are prominent phenomena associated with the Asian summer monsoon. Many studies have investigated 30-60-day oscillations, the so-called Madden-Julian Oscillation (MJO) (Madden and Julian 1972) , and the relationships between the MJO and the active/ break periods of the Asian summer monsoon (e.g., Yasunari 1979 Yasunari , 1980 Yasunari , 1981 Murakami 1984; Annamalai and Slingo 2001) . ISOs at submonthly (6-25 days) timescales (e.g., Vincent et al. 1998 ) also occur over the region affected by the Asian summer monsoon (e.g., Krishnamurti and Bhalme 1976; Murakami 1976; Yasunari 1979; Krishnamurti and Ardanuy 1980; Chen and Chen 1993; Fukutomi and Yasunari 1999, 2002; Annamalai and Slingo 2001) . These studies suggest that the effects of the submonthly oscillations on monsoon activity can be as important as the effects of 30-60-day oscillations.
Common features of the 10-20-day mode over the Asian summer monsoon region have been reported. Murakami (1976) used Indian Daily Weather Reports and upper-air observations from the summer of 1962 to show that a quasi-biweekly oscillation influences the active/ break cycle of the monsoon over India. Krishnamurti and Bhalme (1976) analyzed nine monsoon elements and revealed a biweekly signal. Later, Krishnamurti and Ardanuy (1980) showed that monsoon breaks over India coincide with the arrival of a ridge in the 10-20-day westward propagating mode. Chen and Chen (1993) investigated the horizontal structure of 10-20-day ISOs in the Asian summer monsoon for the boreal summer of 1979. They found that the 10-20-day monsoon mode has a double-cell structure: one cell is centered between 15 and 20 N, and the second cell is over the equator. The two linked cells propagate westward along the Indian monsoon trough and along the equator, respectively. Fukutomi and Yasunari (1999) found prominent 10-25-day oscillations over the South China Sea during the early summer. Enhanced (suppressed) convective anomalies are associated with cyclonic (anticyclonic) circulation anomalies in the lower troposphere. These circulation anomalies propagate westward from east of the Philippines to the Arabian Sea.
Analyses of precipitation data yield conflicting results. Annamalai and Slingo (2001) used the ECMWF 15-year reanalysis and OLR data for 1979 to 1995 to produce a generalized view of the submonthly variability in summer (June through September), based on daily All-India monsoon rainfall (AIR). The power spectrum of the 17-year average daily AIR series has statistically significant peaks at both 12 and 16 days. The 10-20-day mode originates over the equatorial western Pacific, in association with westward-propagating Rossby waves. By contrast, Hartmann and Michelsen (1989) analyzed daily precipitation from Indian stations between 1901-70, and a 10-20-day mode is not statistically significant in the 200-day time series beginning on 10 April except over parts of northern India. They did show statistically significant peaks at 5-7-day and 40-50-day periods in the precipitation records. The data and analysis periods in the two studies differ, so a simple comparison is impossible. However, the inconsistency suggests that activity with submonthly timescales over India has variability at large interannual or longer timescales. Annamalai and Slingo (2001) show that the 30-60-day mode is strong during monsoon onset (early June) over India, whereas the 10-20-day mode is more pronounced after the monsoon is established (July-August). Careful attention is warranted for interpreting power spectra for long-term time series. Our study regards the 10-20-day variation as a robust feature of the Asian summer monsoon.
The southern part of the Tibetan Plateau is a major part of the Asian summer monsoon domain (Murakami and Matsumoto 1994) . Remarkable diurnal variation in convection occurs over the plateau during the summer (e.g., Murakami 1983; Nitta and Sekine 1994; Yanai and Li 1994; Fujinami and Yasunari 2001) . The convection depends strongly on thermallydriven regional-scale circulations induced by plateau topography (Ueno 1998; Kuwagata et al. 2001; Kurosaki and Kimura 2002) . Nevertheless, few authors have investigated convective variability on submonthly timescales over the Tibetan Plateau. Nitta (1983) described intraseasonal variation with periods of 10-15 and @30 days in total heating, precipitation, and relative vorticity in a case study for the summer of 1979 for the upper troposphere over the eastern Tibetan Plateau. Endo et al. (1994) used upper-air soundings from 1993 and showed that quasi-biweekly fluctuations in meteorological elements dominate over the central plateau after the onset of the summer monsoon. Fujinami and Yasunari (2001, hereafter FY01; showed fluctuations in the diurnal amplitude of summertime convection with periods of about 14 days and about 30 days over the plateau. ISOs greatly influence diurnal variability over the plateau.
ISOs also occur in the extratropics (e.g., Krishnamurti and Gadgil 1985; Hsu and Lin 1992; Kiladis and Weickmann 1992; Ambrizzi et al. 1995; Terao 1998 Terao , 1999 . Quasi-stationary Rossby waves occur in the Asian subtropical jet during northern summer, with well-confined zonal wavenumbers 5-7 (Terao 1998 (Terao , 1999 . Spectral peaks have periods of 14 days and 30-45-days. Propagation routes correspond to a wave-guide for Rossby waves. FY01 discussed a possible relationship between ISOs in convection over the plateau and ISOs in the upper-level wave-like disturbances. Murakami (1981) investigated 12-20-day oscillations on the Asian subtropical jet over and around the Tibetan Plateau during northern winter. Plateau topography profoundly influences oscillation formation, propagation, and dissipation.
Although submonthly ISOs (SISOs) exist over midlatitudes and the region influenced by the Asian summer monsoon, SISOs near the Tibetan Plateau during the boreal summer have not been described precisely. Therefore, the objectives of this paper were: 1) to detail the evolution of convective activity and circulation fields in the 7-20-day band over and around the Tibetan Plateau during the summer and 2) to reveal a link between midlatitudes and the Asian monsoon, especially over India and the Bay of Bengal, during the transition from inactive to active convection over the plateau. The slightly broader temporal band used in this study is based on spectral analysis results.
Section 2 describes the data and analysis procedures, and includes results of time series analyses of equivalent blackbody temperature (Tbb) over the Tibetan Plateau. Section 3 describes large-scale mean fields of circulation and convection for years with enhanced submonthly convective variability over the plateau. Section 4 details composite relationships between 7-20-day convection over the plateau and large-scale OLR and circulation anomalies, and reveals a link in circulation changes between midlatitudes and the Asian monsoon region. Section 5 discusses the formation mechanisms for the wavetrain over the subtropical jet that links the convective signals between midlatitudes and the Asian monsoon. Section 6 contains concluding remarks.
Data and methods of analysis

Data
This study uses 3-hourly IR-Tbb data derived from a geostationary meteorological satellite (GMS). Tbb data are defined at each 1 Â 1 grid point. This relatively fine spatial and temporal resolution describes the convection over the plateau. Unfortunately, IR-Tbb data do not cover areas west of 80 E, so daily averaged interpolated outgoing longwave radiation (OLR) data produced by the National Oceanic and Atmospheric Administration (NOAA) Climatic Diagnostics Center (CDC) are also used as a proxy for large-scale convection (Liebmann and Smith 1996) . Daily averaged National Center for Environmental Prediction (NCEP)/National Center for Atmospheric Research (NCAR) reanalysis data represent the large-scale circulation (Kalnay et al. 1996) from 1985 through 1998. Both OLR and reanalysis data are defined on global 2:5 Â 2:5 grids. Streamfunction ðcÞ and velocity potential ðwÞ were calculated from the wind data using a spectral transform method with spherical harmonic R25 truncation. Figure 1 shows the horizontal distribution of the 14-year mean convective index ðIcÞ for July-August. The Ic is defined as Ic ¼ 250-Tbb (K) if 250-Tbb is positive; Ic ¼ 0 if 250-Tbb is negative. FY01 also used the 250 K thresh- old to identify convective activity. Convective activity is most active during July-August, as shown in FY01. The region (28 -34 N, 85 -94 E) over the southern part of the plateau, where Ic shows a local maximum, is used to study convective fluctuations.
Time-series analysis of Tbb
A spectral analysis using a fast Fourier transform (FFT) was used to detect the optimal frequency band of the fluctuations. The seasonal cycle was removed from the daily averaged Tbb data before applying the FFT by subtracting the first three harmonics of the annual cycle (about 120 days) at each grid point. Cosine tapering was applied to 10% of the time series at either end. FFT analyses used the detrended data averaged over the study region between June 1 and September 30 (122 days). A 3-point running mean in the frequency domain was applied to the raw spectra to reduce estimate errors.
Attention is focused on the SISO centered on the 14-day period. Figure 2 shows the interannual variation of the 11.6-16-day variance of Tbb, which helps to determine when a prominent SISO occurs over the plateau. There is a large quasi-biennial variation in the variance at this timescale. We use 1986 We use , 1993 We use , and 1998 to show typical SISO features near the Tibetan Plateau, because the variance is largest in those three years. Variance is also large in 1985, but because the 14-day period variability only occurred intermittently with large amplitude during July-August, that year was not used.
Figure 3-a shows both the 3-year averaged power spectrum of the daily Tbb anomalies for the study region and the red-noise spectrum and its 95% confidence level based on the rednoise model of Gilman et al. (1963) and Mitchell (1966) . There is a pronounced peak at a period of about 14 days and the peak exceeds the 95% confidence level. By contrast, Fig. 3 (1986, 1993, 1998); (b) 11-year mean (1985-1998 except 1986, 1993, 1998) . A red-noise spectrum (dashed curve) and its 95% level of significance (solid curve) based on a lag-1 autocorrelation are also shown. except 1986, 1993 and 1998) ; the 14-day variance blends into a red background spectrum. There is a peak at a period of about 30 days, but the peak fails to reach the confidence level. Therefore, this important period in intraseasonal convective variability has large interannual variability. Figure 3 -a shows distinct spectral gaps at periods of about 7 and 20 days, so a 7-20-day band was chosen as the submonthly timescale for this study. The data were then temporally filtered using a Lanczos filter (Duchon 1979) to pass only variability in the selected period range. This band accounts for more than 45% of the total Tbb variance over the study region during July-August for the 3 years 1986, 1993, and 1998 (not shown) if seasonal cycles and diurnal variability are excluded. The region contains an action center of Tbb fluctuation at these timescales, and the study region is treated as a base region. A similar procedure was followed for other variables used in this study.
Composite procedure
Temporal variation in the circulation and large-scale convection associated with submonthly convective fluctuations over the Tibetan Plateau was examined using a timecomposite technique. Figure 4 shows the detrended daily Tbb anomalies (dashed line) and the corresponding 7-20-day filtered anomalies (solid line) over the base region for the 3 years 1986, 1993, and 1998. Large amplitude 7-20-day oscillations appear continuously from July to August in each year. Dots and crosses respectively denote active and inactive convective events that exceed 1.0 standard deviation (5.6 K) except for two cases. Thirteen cycles were selected for the composite.
Eight phases comprise each cycle. Figure 5 shows the composite Tbb anomalies over the base region. Phases 3 and 7 correspond to the inactive and active extremes of convection. Since the cycle period is about 14 days, the mean interval between phases is about 1.8 days. Composite fields were made for each phase. Each composite anomaly map was tested for statistical significance at the 95% level. Before the samples were averaged, composite maps for OLR and streamfunction anomalies for each year were made to verify similar spatial structures in each year.
3. Large-scale mean conditions Figure 6 shows 3-year (1986, 1993, 1998 ) means for July-August of streamfunction and wind fields at; (a) 200 hPa, (b) 500 hPa, and (c) OLR and wind fields at 700 hPa. In Figs. 6-a and b, shading denotes positive values for the difference in zonal wind between the 3-year mean and the other years (1985-98 except 1986, 1993, and 1998) E over India and the Bay of Bengal. At 700 hPa, a monsoon trough is centered over northern India . Enhanced convection (OLR < 220 W m À2 ) occurred over India, the Bay of Bengal, the South China Sea, and the Tibetan Plateau. Active convective anomalies (shown as shading) spread zonally along 40 N; suppressed convective signals are along 20 N. Significant negative OLR anomalies extend from China to Japan and correspond to en- Fig. 6 . Spatial distributions of the 3-year mean (1986, 1993, 1998 ) fields for July-August. (a) Streamfunction ðcÞ and wind fields at 200 hPa. The contour interval is 6:0 Â 10 6 m 2 s À1 . The difference between the 3-year averaged zonal wind and that averaged for the other years (1985-98 except 1986, 1993, 1998 ) is also shown. Positive anomalies are shaded. Closed circles indicate a significant difference at the 95% confidence level. The topographic contour for 3,000 m is also shown (thick solid line). hanced convection in the subtropical (Baiu) frontal zone. Convective fluctuations over the Tibetan Plateau with timescales of 7-20 days are strongly affected by waves with the same timescales in the Asian subtropical jet. Figure 7 shows 200-hPa meridional wind variance with timescales of 7-20 days during July-August. Shading denotes the percent of the total variance explained by the 7-20-day band (without the seasonal cycle). In the 3-year mean (Fig. 7-a) , the variance field shows large values originating upstream from the plateau. Variance peaks occur at roughly regular intervals from 10 to 130 E, which suggests that the waves are zonally phase-locked. The 7-20-day variance accounts for more than half the total variance in the 3-year mean field over the plateau. By contrast (Fig. 7-b) , in the other years, large variance occurs downstream from the plateau. A large variance is present over the three regions marked 'A', 'B' and 'C' in Fig. 7 -a. The variation between the three regions has a nearly in-phase relationship (Fig. 7-c) , suggesting dynamic linkage between the regions. Variance over region C strongly influences convective variability over the plateau; large values occur especially in 1986 and 1993. In 1998, although the values are not as large as in 1986 and 1993, the variance peak is over the same region.
The power spectrum of meridional wind time series over region C is shown in Fig. 8 to confirm the dominant period of the midlatitude waves. In the 3-year mean ( Fig. 8-a) , the spectrum has a significant peak at 16 days. Submonthly variability is pronounced in the upper-level midlatitude waves. Unlike the Tbb spectrum in Fig. 3 -b, the meridional mean wind spectrum for the remaining years shows a spectral peak at 14 days ( Fig. 8-b) , although the peak fails to reach the confidence level by a narrow margin. The variance near 42 N, 90 E in Fig. 7-b , which is about 1,000 km east of Region C, has a significant peak with a 14-day period (not shown). The Asian subtropical jet and Tibetan high have vigorous submonthly intraseasonal variability during the boreal summer.
Spatial structure and temporal evolution
4.1 Convective activity Figure 9 shows successive composite maps of the 7-20-day OLR anomalies from Phases 1 to 8. Open circles denote locally statistically significant grids at the 95% confidence level ac- (1986, 1993, 1998) 7-20-day filtered 200-hPa meridional wind variance for July-August. The contour interval is 10 m 2 s À2 . Shading represents the percent of the total variance (with the seasonal cycle removed) explained by the 7-20-day band. The thick solid line is the 3,000 m topographic contour. (b) As in (a) but for the years 1985-98, except 1986, 1993, and 1998 cording to a standard t-test. Negative (positive) OLR anomalies indicate active (inactive) convective phases.
Phase 1 is characterized by an asymmetric east-west pattern around the plateau. Significant negative OLR anomalies occur over the eastern part of the Tibetan Plateau and around the Philippines, while positive anomalies extend from the westernmost region of the plateau to over India. Nitta (1983) noted the 14-day period in the out-of-phase precipitation relationship between central India and the eastern Tibetan Plateau. This relationship is also present in the OLR anomalies. The asymmetric east-west pattern changes into an asymmetric north-south (or dipole) pattern between the Tibetan Plateau and the Bay of Bengal as Phase 1 evolves into Phase 3.
The suppressed area of convection over the plateau moves eastward from Phase 3 to 6. During Phase 4, negative anomalies blossom over the western flank of the plateau, and the negative OLR anomalies over the Bay of Bengal migrate westward to the Indian subcontinent. By Phase 5, the asymmetric north-south anomaly pattern again becomes an asymmetric east-west pattern, but its sign is opposite that in Phase 1. Phase 7 is nearly opposite to Phase 3. From Phase 7 to 8, negative OLR anomalies spread eastward over the plateau, while there are positive anomalies over the Bay of Bengal and western part of the plateau. Then, the structure returns to Phase 1.
This Phase sequence describes a clockwise rotation of OLR anomalies around 28 N, 90 E over and around the Tibetan Plateau, including Indochina, the Bay of Bengal, and India. Yasunari (1979) showed a phase-lag relation for a 10-20-day mode of cloudiness with three reference areas, which are located over central India, Malaysia, and the eastern Tibetan Plateau. The phase differences in our study agree with that result.
Significant signals also occur near the Philippines, which have an out-of-phase relation to the Bay of Bengal, India, and the western Tibetan Plateau, and are in phase with the eastern Tibetan Plateau. Negative OLR anomalies develop around the Philippines and then move westward, decaying slightly as they move. The negative anomalies expand rapidly as they reach the head of the Bay of Bengal. These anomalies then propagate westward to India. These active convective signals are accompanied by lower tropospheric cyclonic anomalies (not shown). Krishnamurti and Ardanuy (1980) and Chen and Chen (1993) show a similar westward propagating mode. Heavy precipitation over India during the Asian summer monsoon accompanies monsoon lows or monsoon depressions that move westward from the Bay of Bengal. Yasunari (1981) noted that these monsoon depressions appear in phase with negative geopotential anomalies with quasi-biweekly periods as well as 40-day periods. The southern portion of the clockwise rotation includes the monsoon depressions. Other major components of the clockwise rotation extend over the Tibetan Plateau. The next focus is on formation processes for OLR anomalies along the northern part of the clockwise rotation. Figure 10 shows the evolution of streamfunction ðc 200 Þ and wind vector anomalies at 200 hPa from Phase 1 to 8. Wind vectors are plotted where either the u or v component exceeds the 95% local confidence level.
Upper-level atmospheric circulation
A well-developed wave train extends from North Africa to far-east Asia associated with 7-20-day convection over the plateau. Anomalies also overspread nearly the entire Tibetan high. An anomalous anticyclone (positive c 200 anomaly), centered near 42 N, 65 E, develops to the west of the plateau from Phase 1 to Phase 2 as part of the wave train. Anomalous northerlies lie along the eastern fringe of this anticyclone, accompanied by suppressed convection. There is an anomalous cyclone (negative c 200 anomaly) over the plateau. This cyclone shows a slight southwest-northeast tilt with a southwesterly flow on its eastward flank, where there is also active convection. There are also significant easterly anomalies near 18 N from 60
to 100 E associated with strengthened easterlies. In Phase 3, northerly anomalies dominate over the base region only. South of 30 N, an anticyclonic anomaly over western Tibet and easterly anomalies to its south both move westward. The westward-propagating anticyclonic anomaly and a second anticyclonic anomaly centered near 50 N, 30 E merge into a single north-south elongated anticyclonic anomaly along 35 E by Phase 4. Structures change dramatically upstream from the wave train from Phase 3 to 4. c 200 anomalies acquire a sign opposite to those at Phase 1 and 2. A cyclonic anomaly develops rapidly near 43 N, 60 E, west of the plateau, and active convection strengthens ahead of this trough. From India to Indochina along 20 N, wind anomalies reverse and westerly anomalies become prominent. At Phase 5, the c 200 anomalies are the inverse of those in Phase 1 as the spatial relationship between the Tibetan Plateau and anomalous trough and ridge reverses. Figs. 9-a and e show that the east-west asymmetric pattern of OLR anomalies has the opposite sign between the two phases. In Phase 6, local strengthening of the Tibetan high is manifest as a positive c 200 anomaly over the plateau maximizing before the peak in convection over the plateau. Convective activity peaks after the ridge strength peaks. At submonthly timescales, waves do not amplify in response to heating by convection over the plateau. Rather, midlatitude waves force the convective activity over the plateau. Figure 11 shows a composite phase-longitude cross-section of the c 200 anomalies averaged between 30 and 45 N to show the characteristics of the waves more clearly. A quasistanding wave pattern is obvious, with a zonal wavenumber of about 7. These waves slowly move eastward with an average eastward phase speed of about 4 m s À1 , as indicated by the dashed arrow. By contrast, wavelike structures and successive downstream development of new centers of action occur, as denoted by the solid arrow. This phenomenon is generally interpreted as Rossby wave energy dispersion on the sphere (Blackmon et al. 1984) and is clearly distinct from the phase propagation associated with the higher-frequency transients (baroclinic waves). Ambrizzi et al. (1995) and Terao (1998) describe similar downstream developments along the Asian jet during northern summer, which they interpreted as evidence of Rossby wave dispersion along a wave-guide for Rossby waves. The wave characteristics in those studies are similar to wave characteristics in this study, so an interpretation similar to the previous studies is applicable here. A composite group velocity of about 22 m s À1 can be estimated from the slope of the solid arrow. Murakami (1981) has shown that in the northern winter, 200-hPa 12-20-day vorticity perturbations have prominent standing oscillations superimposed on modes propagating slowly eastward (at about 4 m s À1 ) in the subtropical jet (45 m s À1 ) south of the Tibetan Plateau. FY01 shows a similar standing oscillation in spatial structures around the plateau during March-April (their Fig. 10) . The standing oscillation is associated with marked zonal wind anomalies over the plateau in winter and spring and meridional wind anomalies in summer.
Upper-level divergence is associated with the submonthly convective variation and fluctuates with timescales of 7-20-days over and around the plateau. Figure  12 -b shows the same region as Fig. 12 -a, but shows OLR anomalies. For convenience, the corresponding geographic map is shown at the bottom. Regions of upper-air divergence (convergence) agree with negative (positive) OLR anomalies to the east of 65 E. Significant OLR anomalies do not appear west of 65 E, suggesting that the relationship between midlatitude waves and convective activity is made visible by a divergent circulation to the east of 65 E. From Phase 8 to 2, upper-air convergence occurs where convection is suppressed over the western flank of the plateau. Upper-air divergence and active convection occur over the eastern flank of the plateau. The upper-level convergence moves eastward from Phase 2 to 4, and becomes established over the eastern flank of the plateau in Phase 5. In Phase 3, convergence implies large-scale subsidence over the plateau. From Phase 4 to 6, divergence develops over the western flank of the plateau near 72 E, as a cyclonic anomaly approaches from the west and strengthens near 65 E. The divergence then moves eastward from Phase 6 to 8 with an active convection signal. Note that the divergent anomalies are already established over the western Tibetan Plateau and influence the base region before the active convection over the base region. Upper-level divergent anomalies probably induce subsequent active convective anomalies. Figure 13 shows composites of the total circulation field (left) and velocity potential and divergent wind anomalies (right) at 200 hPa from Phase 2 to 4. Positive and negative c 200 anomalies in Fig. 10-b, c, d correspond to the ridge and trough, respectively, in the total field. The center of the Tibetan high during Phase 2 is near 28 N, 70 E ( Fig. 13-a) . There is an asymmetric east-west pattern of w 200 anomalies centered near 90 E between 10 and 50 N ( Fig. 13-d ) that corresponds to the OLR anomalies in Fig. 9-b . Around India, easterly divergent wind anomalies contribute to the easterly anomalies present in Fig. 10-b . Convergent fields dominate Phase 3 over the plateau (Fig. 13-e) , reflecting subsidence that suppresses convection behind the deep trough. As enhanced convection migrates westward to the head of the Bay of Bengal, an anomalous ascending branch develops there. An asymmetric east-west pattern of w 200 anomalies occurs at Phase 4 ( Fig. 13-f ). Divergence becomes prominent over the western flank of the plateau where southwesterlies cross over the plateau ahead of a deepening trough (Fig. 13-c) . Negative OLR anomalies over the western flank of the plateau is induced by forced ascent over the plateau barrier. Convergence over the eastern Tibetan Plateau forces subsidence. These sequences suggest that the midlatitudes and Asian monsoon region around the plateau interact through anomalous vertical circulations. Murakami (1981) has revealed that in winter, velocity potential fields at 200 hPa are greatly enhanced by topographic effects of the plateau, which tends to reduce the eastward vorticity advection by the strong westerly flow. A plateauinduced dynamic effect also influences the characteristics of the circulation fields around the plateau in summer. 4.3 A link between the midlatitudes and the Asian monsoon region Circulation fields in the lower troposphere influence convection. Figure 14 shows streamfunction ðc 500 Þ and the statistically significant moisture flux vector anomalies at 500 hPa (left) and the vertical gradient of equivalent potential temperature (y e , calculated as in Bolton (1980) ) between 400 and 500 hPa (right) for Phase 2 through Phase 4. 500 hPa is the lowest NCEP/NCAR standard reanalysis pressure level above the plateau.
Phase 2 c 500 anomalies have an asymmetric east-west pattern centered along 90 E between and 50 N ( Fig. 14-a) . There is an anticyclonic circulation near 40 N, 65 E, similar to the location at 200 hPa ( Fig. 10-b) . Therefore, to the north of 30 N, except just over the plateau, the waves are nearly barotropic. A second positive c 500 center is over India. There are northerly wind anomalies over the plateau. Northerlies also dominate over the plateau from 500 through 100 hPa in the total wind fields (not shown), moving a dry, cold air mass over the plateau. The vertical stratification is the most stable over the plateau in this phase (Fig. 14-d) and cloud development is inhibited by entraining or mixing of dry environmental air. Consequently, convective activity decreases. In Phase 3 (Fig. 14-b) , a positive c 500 center is over the plateau and comparison of c anomalies at 200 hPa ( Fig. 10-c) suggests that a baroclinic structure is more prominent over the plateau. The anticyclonic anomalies suggest a strengthening of divergent flow at this level. The dryness, upper-level subsidence, and divergent flow in the lower troposphere combine to greatly suppress convection over the plateau.
The Phase 4 circulation pattern has approximately reversed Phase 2. The negative c 500 anomaly at 20 N, 120 E in Phase 2 moves westward and reaches the Indian subcontinent in Phase 4 with active convection anomalies. Simultaneously, a second negative c 500 anomaly develops west of the plateau, corresponding to a deepening of the upper-level trough (Fig.  10-d) . This east-west pattern of c 500 anomalies induces anomalous southerlies towards the plateau, which transports warm, humid air in the lower atmosphere. The lower atmosphere becomes convectively unstable over the plateau during this phase (Fig. 14-f ) . During Phases 5 and 6, the east-west pressure gradient strengthens. The most unstable conditions for moist convection appear over the base region during Phase 6 (not shown).
From Phase 2 to 4, negative c 700 anomalies propagate westward from the Philippines to India in a manner similar to Figs. 14-a, b and c (not shown), and this propagation corresponds to a deepening of the monsoon trough over India in the total field. west of the plateau, and the ridge strengthens over the plateau. There is a deep trough at 500 hPa from 50 N, 65 E to 10 N, 80 E, and moisture flow toward the plateau is clearly observed to the east of it; this flow moistens the lower atmosphere over the plateau. At 700 hPa, as the monsoon trough deepens, moisture transport toward the plateau strengthens to the east of the trough. There is significant moisture transport toward the plateau between the lower and middle troposphere.
The Phase 7 circulation features are nearly identical to those in Figs. 12-a and 13-a in FY01, which are composites of circulation fields at 200 and 500 hPa for the active convective phase over the plateau in summer. Strengthening of the low-level cyclonic circulation enhances low-level convergence, although the southerly moisture inflow is reduced over the base region. The specific humidity at 500 hPa reaches its maximum because of the increase in precipitation. The antecedent moistening and convergence at low levels induces a convective maximum over the plateau.
Discussion
Convective variability of about 14-day period over the base region has large interannual variability (Fig. 2) . The variance peak northwest of the plateau (around Region C in Fig. 7 a) reflects an alternation between southerly and northerly winds that import moist and dry air masses, respectively, over the base region and cause the large amplitude convective fluctuation in the 3 years (1986, 1993, 1998) . By contrast, the variance peak around 42 N, 87 E in the other years is north of the plateau (Fig.  7-b ) and is about 1,000 km east compared to Region C. In 1989 , 1991 , and 1997 , @14-day convective fluctuations are weak over the base region (Fig. 2) . Although the dominant meridional wind period is @14 days around 42 N, 87 E in these years, convection fluctuates with 9-, 7-, and 6-day periods over the base region (not shown). In 1997, the 40-day period was also dominant. These periods correspond to the timescales of the northerly (or dry air) intrusions into the base region. In 1987 In , 1990 , the @14-day convective fluctuations are also weak because wave activity with 14-day timescales is suppressed along the jet near the plateau (not shown). In any case, the predominant periods in convection over the plateau are closely related to the variability of the Asian subtropical jet. An interannual change in the spatial relationship between the waves and plateau may vary the dominant periods of convective variability because of a shift in the meridional wind variance maximum.
Interannual variation in the basic atmospheric state is also likely to control the variation in the dominant periods for convective fluctuations. The Asian subtropical jet is displaced to lower latitudes in the 3-year mean fields (Fig. 6-a) , indicating that the circulation around the plateau is sensitive to the influence of the midlatitude waves. Note that the zonal wavenumber 7 scale (about 5,000 km in wave length at 40 N) is almost the same zonal width as the Tibetan Plateau. The 7-20-day wave fluctuations may be amplified by wave-plateau interaction through a resonance-like phenomenon.
This diagnostic study revealed that a welldeveloped wave train extending from North Africa to far-east Asia along the Asian subtropical jet is associated with convective fluctuations over the Tibetan Plateau. Fukutomi and Yasunari (1999) showed that a wave train grows in both the lower and upper level atmosphere associated with submonthly convective fluctuations over the South China Sea. The wave growth is a Rossby mode response to anomalous heating (or cooling). However, significant submonthly-scale convective anomalies upstream from the midlatitude waves are not observed. This implies that the wave variability in Fig. 10 is induced by an internal unstable dynamic mode. Using a numerical simulation of a large-amplitude anticyclone forced by a localized mass source on a Beta plane, Hsu and Plumb (2000) showed that anticyclones are shed westward periodically due to instability. Popovic and Plumb (2001) used NCEP/NCAR reanalysis data for the period from 1987 to 1990 and confirmed the presence of westwardmigrating anticyclones that detach from the main Tibetan High a few times each summer. Figure 10 for Phase 3 to 4 shows an anticyclonic anomaly south of 30 N over western Tibet moving westward. The anticyclone approached 40 E at Phase 4. This wave variation may be induced dynamically by an unstable mode in the large-scale circulation fields. Re-cently, Enomoto et al. (2003) described a quasistationary Rossby wave along the Asian jet in August and called the waves ''the Silk Road pattern''. They proposed that localized midtropospheric descent over the eastern Mediterranean Sea and the Aral Sea is enhanced through the monsoon-desert mechanism, and associated upper-tropospheric convergence acts as a wave source near the jet entrance.
The clockwise rotation of convective signals implies that dynamic interactions exist between the midlatitudes and Asian summer monsoon. This study did not investigate the dynamic aspects of the interactions in detail; nevertheless, it is possible to show linkages in atmospheric circulation changes between the two regions. That is, simultaneous changes to the circulation fields west of the plateau and over India enhance convective activity over the plateau. A second linkage occurs north of the Philippines. Figure 10 -g shows cyclonic upper air anomalies around 35 N, 125 E and extending to the Philippines in Phase 7. This cyclonic circulation is above mid-and lowertropospheric cyclonic anomalies (not shown), which suggests barotropic enhancement of the cyclonic circulation. The cyclonic anomalies denote a weakening of the easternmost region of the Tibetan high in the upper troposphere, and the westernmost region of the subtropical high in the middle and lower troposphere. Subsequently, upper-air cyclonic anomalies weaken as cyclonic anomalies develop around the Philippines in the lower and middle troposphere coupled with an active convection signal in Phase 8. This sequence suggests that the SISO of the midlatitude waves initiates a SISO in the circulation and convection north of the Philippines. Enomoto et al. (2003) hypothesized that the equivalent barotropic structure of the Bonin (Ogasawara) high near Japan in summer results from the propagation of stationary Rossby waves along the Asian subtropical jet. A similar process may influence changes in circulation anomalies around the Philippines. Figure 16 shows the difference in 7-20-day OLR variance between the 3-year mean and the other years mean during July-August. Positive anomalies extend over the base region and over other Asian monsoon regions as well. Submonthly variability increased over midlatitudes and the Asian monsoon regions in the 3 years. The upper-level Asian subtropical jet is displaced to lower latitudes in the 3-year mean fields. Further statistical and dynamic studies will determine how this displacement facilitates extratropical-subtropical interaction on submonthly timescales.
Concluding remarks
This paper examined the submonthly (7-20-day timescales) intraseasonal oscillation (SISO) of convective activity over the Tibetan Plateau and the associated large-scale convective activity and atmospheric circulations over and around the plateau during the mature phase of the Asian summer monsoon (July-August). A diagnostic study examined the three years when prominent submonthly convective variability was observed over the plateau. Relationships between midlatitudes and the Asian summer monsoon region were identified and are summarized as follows.
1) The variation in convection over the southern part of the plateau (the base region) with @14-day periods shows large interannual variation. The variance is prominent especially in 1986, 1993, and 1998 . Convective fluctuations with a timescale of 7-20 days account for more than 45% of the total variance during Fig. 16 . Difference in the 7-20-day OLR variance between the 3-year (1986, 1993, 1998) and 11-year means (1985-1998 except 1986, 1993, 1998) for JulyAugust. Positive areas are shaded.
Open circles indicate locally statistically significant grids in the difference. The 1500-m topographic contour is shown as a thick solid line.
July-August in the 3-year mean field over the base region.
2) Climatologically, areas of the Asian subtropical jet and Tibetan high near the plateau have vigorous submonthly intraseasonal variability during the boreal summer. In 1986 In , 1993 , the 7-20-day meridional wind variance fields have large values upstream from the plateau with a peak northwest of the plateau. In addition, the upper-level Asian subtropical jet is displaced to lower latitudes.
3) The submonthly convective anomalies show a clockwise rotation around 28 N, 90 E over and around the Tibetan Plateau, including Indochina, the Bay of Bengal, and India. Other significant anomalies appear near the Philippines and South China Sea. The southern track of the clockwise rotation includes westward moving monsoon depressions, and the northern track is induced by waves on the Asian subtropical jet.
4) A well-developed wave train extends from North Africa to far-east Asia along the Asian subtropical jet. The wave train is associated with submonthly convective fluctuations over the plateau. The waves have quasi-stationary behavior and a Rossby wave-like structure with a wavenumber of approximately 7. The waves also have a slow eastward phase speed. Circulation anomalies are observed over all of the Tibetan high. 5) Before convection minimizes over the plateau, an upper-air ridge develops to the west of the plateau as part of the wave train. The ridge induces northeasterly flow that moves dry, cold air over the plateau. Suppressed convection over the plateau results from antecedent drying in the troposphere, strengthening of upperlevel subsidence, and low-level divergence. 6) Before convection maximizes over the plateau, an upper-level trough develops and deepens to the west of the plateau. Southwesterly flow ahead of the trough induces forced ascent (descent) over the western (eastern) flank of the plateau with active (suppressed) convection, causing an asymmetric east-west pattern in convection.
7) As the trough deepens to the west of the plateau, a cyclonic circulation also forms over India in the lower through middle troposphere. The enhanced trough forces a southerly moist flow in the lower atmosphere over the plateau.
The moistening helps create a convectively unstable condition. Enhanced low-level convergence supports a convective maximum over the plateau.
The SISO of convection over the plateau mainly consists of convection with strong diurnal variation. The area of active convection occurs within an anticyclonic circulation with relatively weak synoptic-scale winds. Further studies will be needed to solve the relationship between synoptic conditions and the local circulation over the plateau. The origin of the large-scale atmospheric circulation with a period of @14 days, which modulates convective variability at the same timescale over the plateau, should also be investigated.
